Purification and Analysis of Adenovirus Group-specific ' T' Antigen
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The separation and identification of a group-specific 'T' antigen from cells infected with group A adenoviruses (types 12, 18 and 30, and a group-specific tumour antigen from tumours induced by the same types have been described (Hollinshead, Bunnag & Alford, 1967; Hollinshead et al. I968) . The' T' or tumour antigen isolated for one type of adenovirus within the group reacts with sera from hamsters bearing tumours induced by group A adenoviruses. This soluble antigen (mol.wt = 25,ooo ) induced in cells by adenovirus did not fix complement with antisera which we had prepared against purified adenovirus type ~2 hexon, fibre, whole virus particles or core or 'P' antigens, the latter using methods described by Russell et aL (1967) . The present report describes the results obtained during further purification and analysis of groupspecific' T' antigen, with careful testing of reactivity with antisera to hamster tumours at each step in the purification process.
Preparations of adenovirus type 12 'T' antigens, concentration procedures, complement-fixation testing and separation by filtration through Sephadex gel were described (Hollinshead et al. 1967 (Hollinshead et al. , 1968 .
The starting material for separation by vertical disc-gel electrophoresis was groupspecific 'T' antigen which had been separated twice on Sephadex G-ioo and a third time on G-75. The column consisted of a lower 7"5 % polyacrylamide gel 0. 5 cm. long and an upper gel of 3"5 % polyacrylamide 2"5 cm. long. The sample was applied in 5 % sucrose with marker dye and cooled from 3 to 5 ° during the run, for which we thank Dr Roy Blankenship, Department of Agriculture. The samples were collected in elution buffer 0.35 M tris + HC1 at about pH 8"5. Fourteen pools were concentrated and tested for complement-fixing (CF) activity. Complement-fixing bands were dialysed, lyophilized and subjected to N-terminal amino acid group analyses (Gray, 1967) .
Using the standard analytical method of disc-gel electrophoresis (Ornstein, I964), slicing and eluting in phosphate buffer, there was substantial reduction in recoverable CF activity. By using the method described here, an approximate 4oo-fold purification of the starting 'T' antigen (separated twice on Sephadex) was obtained, as calculated by comparing specific activities (CF units per/zg, protein). This would be an approximate 16o,ooo-fold purification of 'T' antigen from the original cell preparations (Hollinshead et aL 1968) .
When partially purified' T' antigen was further separated by vertical disc-gel electrophoresis, three bands reacted in complement-fixation tests with sera from tumourbearing hamsters (Table I ). The three bands were subjected to N-terminal group analyses (Table I) . One protein band contained alanine and leucine end groups, a second contained alanine and isoleucine and a third alanine only. Some of the fractions which were negative for CF activity were pooled and selected as controls. Control and 'T' antigen fractions all contained aspartic acid and therefore this could be either a Short communications part of the structure or a cell-protein contaminant. Thus, ' T' antigen contains at least three different proteins.
Lipids were removed and lipid analyses were done (Scanu, 1966) ; 'T' antigens which had been filtered twice through Sephadex columns were used as starting material. The antigens were mixed with acetone, refrigerated overnight, filtered through number 5o Whatman filter paper and the lipid-containing filtrate was extracted with ether. Before removal of lipid, the lipoprotein-containing residue from the acetone extraction was dissolved in phosphate buffer adjusted to pH 7"0, refrigerated for 18 hr and centri- 0"3 --* Adenovirus 12 hamster tumour sera pools diluted i : 20 tested with I ml. of band concentrated to 0"3 ml. Starting material was 0"3 ml., CF titre I : I6.
t All other fractions also had no CF activity.
' T' antigen
'T' antigen-lipoprotein 'T' antigen--almost completely lipid free protein and lipid-free protein were each extracted with chloroform+methanol 2:1 (v/v) and the eluates tested for lipid content. ' T' antigens separated using Sephadex gel filtration techniques (Gray, 1967) contained 20 % lipid. Lipoprotein fractions containing 4 % lipid were obtained by the above procedure from the separated ' T' antigens, subjected to removal of lipids and refiltered through Sephadex G-75 to eliminate unbound lipids. Phospholipid was present in a ratio of 4/zg./IOO #g. protein in the complementfixing lipoprotein and in a ratio of 2/zg./Ioo #g. protein in the 'lipid-free' lipoprotein. Chromatographic analysis was performed on a 2o x 2o cm. thin layer silica gel sheet with fluorescent indicator (Eastman Kodak chromatogram sheets K3oI R). The sheet was heated to IOO ° for 3o min. Samples of 5/zg. were applied when the sheet reached room temperature and separated using a solvent of acetone+acetic acid (95: 5). Detection of lipids was performed by spraying the sheets with 0"o5 % solution of Rhodamine B in alcohol and the phospholipids using the modified Dragendorff reagent (Randerath, 1965) ; RE values were determined.
Phospholipid was found, by thin layer chromatography, in the separated' T' antigen and lipoprotein extract with an RE of 0"41 with reference to lecithin. No such phospholipid was detected in lipid-free material or in control cell fractions carefully prepared in like manner. The CF activity of' T' antigen was unaffected by removal of ~ of this lipid (Table 2) . However, when the phospholipid was removed 'T' antigen could not be measured. The phospholipid might possibly, therefore, be a part of the antigenic structure, or be required, in association with the antigen, in order to measure the 'T' antigen by complement fixation.
In summary, the group-specific 'T' antigens induced in infected cells and in tumours by highly oncogenic group A adenoviruses have a mol.wt -~ 25,ooo and yield three protein bands when separated on vertical disc-gel electrophoresis. The three bands appeared to contain different proteins by nitrogen end-group analysis. The' T' antigen also appeared to be associated with or contain a phospholipid, the removal of ~ of which rendered the 'T' antigen heat labile. After removal of phospholipid, there was no complement-fixing activity.
